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1. Introductia1

1.1. Backgmund

'!be need for IIDreeoonani.cal maansto heat banes has prarpted a

tranendous return to Woodas a fuel for bane heatirx.J. There are bJo

tradi ti.cmal a,wlianc:es used to bum 'WOOd in the heme: the fi.%eplaceand

the woodbut:ni.n1stove. Fireplaces pmvide a very oo'C;/at:na;p:lere in the

bane; however, in general they are not very energy efficient. Thus, fire­

places are generally not used as primaJ:y heating sources. \ixxl buming

stoves, a1 the other hand, are DJJCh IIDreenexgy efficient, generally at

the expense of the aesthetic qualities of the fireplace. In additial,

stoves usually rob the lDne of nu::h m:>refloor space than do fireplaces.

Basically, 1:h:eefficiency advantage enjoyed by stoves is due to the stove's

abilities to. oontml the flow of <:::cIIbustionair into the c:arbustion chanber

and to transfer the heat relea~ to the heme. Recentlyag;>lianc:es that

fit into a fireplace and makethan operate in a mannersimilar to a stove

have becx::.aewidely available. These awlianoes are called fiI:eplace inserts

or fireplace retro-fit units.

Estimates indicate that tbere are between 15 and 30 million masonry

fireplaa!S in existence. '!be use of fireplaoe inserts in the masom:yfire­

places could provide primaJ:y. heating sources for manyof the banes in which

they are located. , In addition to the llBSOl'U:Y fireplaces in existence, there

are manyfactory-built fireplaces am fireplace shells in use. Fireplace

inserts could inprove the efficiency of nost of these. units, especially

the so-called baseline or bl1j1rlI:>'(" s IrOdelmanufactured fireplaces.

Unforbmately the wide spread use of fireplace inserts oould produce

unsafe conli tions in Sate installations. The nost obvious problem areas
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are: (1) the fOIIIation of creosote in the flue system above the insert. and

the related chinu1eyfire potential, and (2) the overheating of fireplaces

and surroundin::rcanbustible materials due to hotter fires produced by fire­

place inserts. Therefore, a test programwas initiated to assess the poten­

tial safety prablans related to the use of fireplace inserts. This test

programwas sponsored by the Center for Fire Research of the National Bureau

of Stan:Jards and inclt.rled b«> parallel efforts. Onewas conducted by Auburn

. University and is described in this report; the other was conducted by

Underwriters Laboratories. The results of these tests will be lIDst useful

in formulating and evaluating test stan:Jards and building codes related

to the safe utilization of this new type of appliance.

1.2. Objectives

The abjecti ves of this test programwere:

L Identify the generic types of fireplace inserts currently
available. (AuburnUniversity)

2. Identify the generic types of fireplaces currently in
use. (Unde1:writersLaboratories)

3. Carry out a test program to deteDni.neany unsafe features of
the inserts or of the insert-fireplace canbinations.
(AuburnUniversity and Uooexwriters Laboratories)

4. Analyze the testing results and.provide infonnation fran which
safety standards and cOOescan be developed. (Auburn
University an:i Underwriters Laboratories)

'!he first objective i.rnlolvedcanvassing the industr:y to collect

infonnation on fireplace inserts currently being manufactured. Each insert

design was classified by irrp::>rtantdesign characteristics to separate the

appliances into generic types. '!be second objective was carried out by

Underwriters Laboratories in a similar program to identify fireplace types:

I " ~",,' " I . , 11,11111 ,',. Ii I Ii, I I II i
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both nasa'1rY and manufactured fireplaces were ca1Si.dered.

'!he third ci)jecti ve involved testing the generic types of inserts

in various gereric types of fireplaces. '!he test programwas designed to

identify safety pxoblemsthat (1) might be inherent in the app1.i.ance,

(2) might be caUSEdby the installatia1 of an insert in a particular fire­

place, or (3) might be caused by the operation of a fireplace insert.

'!be areas of c:xmcem were: .

1. C:J:eoso~ - ablli ty of the insert/fi.replace oarbination to
operate. wJ.thoutproducing unsafe ancunts of creosote in the
flue systan.

2. 'lbetmal Perfoxmance- ability of the insert/fireplace oarbinatioo
to maintain safe te1peratures 00 both the appliance oaq;:onents
and neaxby CClliJustiblesurfaces.

3. Contaminationof RccmAir - ability of the insert/fireplace
o::ubi.nation to not allow C"Thnrl ItDX»d.deand other undesirable
gases into the :roan.

4. Structural, Electrical, etc. - adequacyof the awlianoe's
structural cons~ and suitability of electrical blOiierS,
etc.

'lbe first and secorn objecti.ves were of priInaxycxmcern. '!he tests

CCX1ductedwere wt inteOOedto be catplete and exhaustive in nature, but

rather to indicate those aspects of fi.l:eplace inserts and their utilization

that mayresult in unsafe cc::nmtials. Results of the tests are reported

in later chapters.

1.3. OUtline of Report

'1he remainder of this l:epOrt descr:il::lesthe work carried out during

this st1.Xlyto detenni.ne the safety of fireplace inserts. Chapter 2 covers

the review and classification of fireplace inserts. A description of the

appliances used in the current sttrly, both fireplaces and fireplace inserts,

is included in Chapter 3. Chapter 4 discusses ch:iJmeycreosoting. Several
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earlier studies are described for background infomation, and then the

results of the present sttrly are presented. Results of the thennal per­

fcmnancetests are presented in Chapter 5. Finally, conclusions and recan­

nendations for future stmy are given in Chapter 6.

II I ",, I
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2. Fireplace Insert Design Review

2.1. Survey of Fireplace Inserts

Infomatioo was gathered for manyof the fireplace inserts currently

being marketed. 'lbree methodswere utilized to cbtain this infomation.

'!be first metb:xiinvolved mailing out questiamaires to manufacturers

of woodbuming equiptent. A ccpy of the questionnaire is included in

AppeImx A. Of the 147 manufacturers contacted, a ~ was received

fran 62 - nearly half of those contacted., Forty-seven of the manufacturers

that responded to the questionnaire currently had fireplace inserts on the

market. It is felt that the 47 responses represent the field of fireplace

insert types.

'!be second metlxXiof identification was a publication £ran the Wood

Energy Research Corporatia'l entitled, "1980 Fireplace Insert Di.J:ectory." [12J

This publicatioo provides mi.ninundata on manyunits:. Finally, data were

also collected firsthand at najor industzy trade shows. units were visually

inspected and literatm:e oollected a'l units at the shows.

'!be only significant prcblem encountered was the precise defini­

tion of a fireplace insert. It was decided to exclude the following types

of units:

* 1hose units intended.to have ma.sau:ybuilt aromd them; i.e.,
those not intended for use in an existing fireplace.

* Hearth stOves; i.e., man heaters placed on a fireplace hearth
and nerely ducted to the fireplace flue.

* Special grate and glass door assarblies.

'lbese restrictions reduced the nurber of inserts identified in the survey

to 35. Table 2.1 presents a sumnaryof the infonnation collected.



Table 2.1 SurmaIy of Insert Data Collected

ENCLOSURE DOORS

FLUE

CONNECTOR

AIR

INTAKE

CIRCULATING

SYSTEM FlRfBOX

OUTER

ENCLOSURE DOORS

FLUE

CONNECTOR

V>
V>

~U
_ V>
:z: V>:~c u;~
... ""......
••• :z:
:z: •••
V> 0

'2o'HeR3"

A

B

e

o

E

F

G

, , 8

• , v

•. '* 3.5 '* •.•

•.•. v •.

RO TR

2RfTR

1 Rf T

1 RO T '

5 RO T

1 Rf RT

1 RE T '

, 2 0

, 2 B

, 2 B

, 6 B

, 4 0

BOF4'

BOF5'

FO F 0 '

BOF4'

80 F 2

BORJ'

.19

.25

.25

.25

.19

.19

.25

.10

.13

.06

.13

.10

.13.25

lROT• , 8

.1 T ' , 10 IlC

HC

.25 .25

K ' ,

, , 6

o ' •• 25

.10

.03

.04

.09

.10

.09

.25

.10

.09

.38 .12

.13

.10

.25 .10

.19

.19

.125

.25

.19

.13

.25 .11

.13

.19

.13

.25

.25

.06.06

.19

.25.10

.19

.13

.25

.13

.25

.25

.25

.25

.03

.19.38.12

.13

.25

.19

.125

.25

.19

.25

.25

.19

.25

.19

•19

• I .25 .11

3 '

3 '

4 '

4 '

NC

NC F 5

Fe B 2

FCF4"

Fe •. 3 •.•.

BOF4'

FC F 0 ' , I .19

8OF5"

80

8OBS'

Ne

80

FO F 5

80 B 2

FC S T

HC

FC 8

FC

80

FCF3"I·llBO F 0 " .25

, • FC F 4

,IFC F 4 '

8055'

FC S 5 '

1 F

,- 8 B 'IHC F 0

, 8 0

• 2 0

1 F

, 3

, 2 0

, 4

, 1 F

, 2 F

• 2 0

, 3 B "80 F 5 '

, B 0

, 2 F "80

, 2 0

, 2 0

, 2 0

, 2 0

, 2 S

, 9 B

• 1

• 1 0

• 2 B

• 1 0

, 2 B

•.6 0 *

lOOTR'

1 RE T '

SQ T

1 RO T

1 RE T

1 RE T

1 RE T

1 RE T

1 RE T

1 RO R '

1 50 T '

1 RE TR

1 RE T

lOOT

lOOT

1 RO T '

1 RE T

1 RO TR

1 50 T

lROT

1 50 T '

1 RO TR

1 00 TP

1 So T

1 RE T

1 RE T '

, • 1 RE TR

1 RO T •

3 '

, 9

, v

•.•. 7 •••.

, , 3

•.•. 3.5

•.•. 7.5

•.•. 11

•.•. 12

• , 9

•.•. 11

•.•. 4 •••.

•.•. 11

• , v

, , v

•.•. 9 •••.

•..•. v •

L

M

H

o

P

R

5

T

z '

y •

x '

KK

LL '

II
JJ

00 '

FF

GG

EE '

HH •

AA

BB

ee

• • 4 1 RE T , 6 0 FC B S

Note: All dimensions are given in inches.

LEGEND V - Variable F - Front - Bottom

RO - Rouno

RE - Rectangular

SQ - Square

o - Ooor

FC - Forced Convection

NC • Natural Convection

BO • Botll Forced and Natural Convection

S • Side

Top

- Rear

TR - Top Rear

RT • Rear Top

II I , II ·Ilili ,I" I~I I 'I
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2.2. OeteIm:inationof In1;xrt:antCharacteristiC$

Oncethe definitia1 of a fireplace insert was settled, attentioo was

focused on the deteI:minatim of the characteristics that nost affect

creosote fcmnation and safety of fireplace inserts. The fireplace insert

questionnaire r~ted i.nfoJ:mati.a1conceming observable featm:es of

inserts that maybe inp)rtant to safety am creosote formaticm. The

design of the firel:lox or .enclosu:I:ewas CCIlSide%edinp)rtant because higher

fi1:ebox telp!ratuJ:es weD!eJCpeCtedin fireplace inserts. '!he doors were

considered inp)rtant for ts«) zoeasoos: (1) they are a pri.maJ:ysource of air

leaks into llDStunits, and (2) they makeup a substantial porticm of the

surface axea available for direct radiant heat transfer fran firepl~

inserts. '!he type, size, and locaticm of the flue camector were tOOught

to be of oonsequence, primarily in prewntinq the collection of debris be­

hind the insert. Catbustia1 air cxmtrol and routi.n:1affect the efficiency

of woodburning appliances, and thus are safety paraneters. Heat that

can not be transferred to the roan can overheat the fi.xeplace and neaxby

CCIIhlstibles. Other featu1:es affect:i.nJ heat transfer characteristics were

noted because as an insert extracts nme heat £ran the c:x:Itbustiongases, its

efficiency increases; however, its creosot.in;1potential also increases. The

o::astruction materials, material thicknesses, and o::astructi.a1 details

were also deared int?ortant. After sate· deliberation five characteristics

were cOOsenas bein:;rthe llDStiIrportant for the purposes of this study:

(1) Single Boxor DoubleBoxCalstruction

This characteristic is pri.nari.ly a· safety consideratial. A
single box unit WOJldbe eJCpeCtedto transfer nore heat to the fire­
place walls creating higher tenperatures than a double box unit.
Since firebox tenperatures of woodstovesare considerably higher
than tOOseof open fireplaces, this factor could beca1e crucial.
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(2) Airtight or Non-airticftlt

Airtight un.its sh::roldhave better efficiencies than non-airtight
un.its~ but because the fl.cJwof CCIlbustionair is limited, the tendency
to produce creosote maybe increased greatly. Airtight inserts may
also produce muc:hhigher flue gas teft1?eratul:es.

(3) Glass Doors or Metal Doors

The effect of glass doors is not well understood. It is suspected
that the glass doors mayreduce the aIOOuotof heat transferred directly
to the rcx:m,and thus, create higher firebox and flue taIperatures.
'lhese higher teft1?eratures smuld J:edtre the creosote fozmation, but
the unit IS safety and efficiency maysuffer. This effect mayalso
depend on the type glass used.

(4) Positive or Non-Positive Flue Connection

'lhis characteristic is th:>ughtto be nost inportant in creosote
fonnation. By providing a lX'Sitive connection between firebox azXl
chiImey, it sOOuldbe easier to establish a draft. '!his should help
prevent the stagnation and condensation of gases in a cold ch.i.Imey.
Also, any creosote that fOJ:ItlSis mre likely to run back into the
firebox rather than collecting Q'1 the hearth behind the insert. H0W"­

ever, the type of flue connection mayalso affect the teft1?eratures
in the chiImey.

(5) Forced or Natural Convection Heating

Since a large part of a fireplace insert is enclosed in the
fireplace, the type of air circulation systan atployed is very im­
portant for gocx1heat transfer. 'Ihe anount of heat transfer to the
:roancan affect creosote foJ::mation,efficiency, and safety.

A c::atplete study of these dlaracteristics wculd involve testing 32

units in carbination with each type of fireplace identified by Undezwriters

Laboratories. A testing programof this magnitu:iewould be far beyond the

scope or intention of this program. Therefore, sana of the carbinations

were excluded. Since tie airtightness of a unit is a relative quantity,

and since nost manufacturers have no real basis for carparison, the infor-

mation obtained fJ:Cltlthe quastionnaire in this area was not valid in nost

cases. In addition, the presence or absence of glass doors is expected to

be a daninant factor in the airtightness of a unit. This reasoning was

11··j '! ' i ,II . ;1)11, ,j;, I ~ I I I" I

I

" , ",,' I
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used to eliminate airtightness as a distinqui.sb.ir¥] d1aractaristic.

2.3. Categorizing Inserts

'Ihe four remaini.n:Jcharacteristics (single box or <k>ublebox c:on-

struction, glass or metal doors, positive or non-positive flue connectioo,

and fon:ed or natural calveCtive heating) pmduc:eda total of sixteen

categories of inserts. A xevi.ewof tlle questionnaire responses and other

sources 00 infOJ:IDatioosbJwedthat ally ten of these categories represented

actual inserts. Table 2.2 contains a categorical listing of all inserts

identified. Inserts £ran categories 2, 10, 13, 14, and 15were cla;en

as representatives of tlle field. It was decided that by testing inserts

£ran these five categories, the mlati ve .inpartance of each of the four

characteristics specified oould be evaluated. Also, these five categories

contained approximately 75%of the inserts identified.

2.4. SurmaI:y

'nle first step in classifyiBJ fireplace inserts was to fOJ:Im.1late

a precise definition of a fireplace insert. '!he following definitial was

adopted:

"Afireplace insert is a space heating device with a self-contained
firebox designed to bum solid fuels and intended to be installed
in an existing fireplace. A fireplace insert is intended to be
operated with the fuel loadi.n3'and ash renoval. ~ closed so
as to maintain sane cont:J::olof the air flow into the' fire chaId:>er."

Using this definition to narrOIrl the field, inserts were then classified

according to the follCMingfour cbservable physical characteristics:

(1) Single box or dotble box exmstruct.ion

(2) Glass or netal doors

(3) Positive or oon-p:>sitive flue cannecti.on

(4) Natural or fan forced convective heating.
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Table 2.2 Categorical Listing of Fireplace Inserts

# IMPORTANT CHARACTERISTICS UNIT IDENTIFICATION

1

SB, PF, FC, GO Z

2*

SB, PF, FC, GO V, EE

3

SB, PF, NC, GO

4

SB, PF, NC, MD

5

SB, NPF, FC, GO X, DO

6

SB, NPF, FC, MD

, I
7 5B, NPF, NC, GO LL

I
8 5B, NPF, NC, MD

9

DB, PF, FC, GO K, 0, T, AA

I 10*

DB, PF, FC, MD0, G, CC, GG, KK
I !11

DB, PF, NC, GO

12

DB, PF, NC, MD H

13*

DB, NPF~ FC, GOE, L, R, U, W, Y,

BB, FF, MM
14*

DB, NPF, FC, MDA, B, C, F, J, L, N,

P, Q, HH
15*

DB, NPF, NC, GOS, II

116

DB,. NPF, NC, MD
1, JJ

LEGEND

SB - Single Box Construction

DB - Double Box Construction

FC - Forced Convection

NC - Natural Convection

PF - Positive Flue Convection

NPF - Non-Positive Flue Convection

GO - Glass Doors

MD - Metal Doors

*Designates representative categories to be tested.

II I
~' I I' 'fl ,Ilil,',"Ij f I " !
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3. Fireplaces and Inserts Used in Test Program

3.1. Fireplaces

Underwriters Laboratories performed a design review of both masau:y

fireplaces and manufactured fi.J:eplaces. 'lba results of this review are

presented by Terpstra and Jorgenson [14]. Based on thiS review Undezwriters

personnel designed a minimal masonryfireplace for use in the test program.

nus mi.nima1masonryfireplace just neets the mi.ninunof the various building

code requi.n:ments, and thus, slx>uldrepresent a \\1OrStcase host fireplace

as described by Tel:pstra and Jorgenson U4J. Dr~ of this fireplace

and its enclosure are sto<min AppendixB.

Twomanufactured fireplaces were also used in the test program.

TheJ:maltests were run in one manufact:uredfireplace, and creosote tests

were run in both of the lmits. '!he fireplace used far the creosote tests,

No. Fl as identified by Terpstra and Jorgensen [14], had a 21 indl high

by 36 inch wide frontal open.i.n;and 320 square inches of hearth area. 'Ille

insulated firebox was equiwe.d with a meansof heating roan air by natural

convection. A 9 inch di.aneter, triple wall, theJ:malsiphon chi.mneywas

used to e:xhaust the carbustion products.

The fireplace used primarily far the t:heJ:ma.ltests, No. F2, had a

frontal opening 27 inches high and 36 indles wide and a hearth area of 550

square inches. ,'Ihe firebox was insulated and had no means to convect heat

to the roan. 'Ille triple wall, thermal siphon chinney was 9 inches in dia­

meter. other manufactured fireplaces were used by Unde1'WritersLaboratories

to perfonn similar thezmal tests.
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3.2. Inserts

Chapter 2 described a design reviewof fireplace inserts. Six

different inserts were used in the test program. Theseshall be referred

to as inserts No.1, .2, 3, 4, 5, 5C, and 6. Note that insert No.5 was

installed in b.t.u different configurations. Table 3.1 describes the inserts

used in the test program. Additional inserts were tested by UndeJ:writers

Laboratories.

Table 3.1 Description of Inserts Usedin Tests

Insert No.1 This unit was a type 13 unit (Table 2.1). It had a double
box CalStruction, forced cQwective heating, glass doors,
and a non-positive flue camection. Theunit had 400square
inches of hearth area andwasmadeof plate steel.

Insert No.2 This unit was a type 16 unit (Table 2.1). It had a double
box const.ructia1, neutral caIveCti.veheating, netal doors,
and a ncn-positive flue ccnnecti.on. Theunit had 400square
inches of hearth area andwas ccnstructed of plate steel.

Insert No.3 This unit was a type 16 unit (Table 2.1). It had a doli>le
box construction, natural caIveCti.veheating, netal doors,
anj a non-positive flue camection. This unit had 460square
inches of hearth area anj wasconstructed of plate steel.

Insert No.4. This unit was a type 7 unit (Table2.1). It had a single
box constructial, no a:m.vecti.veheating (except off frent) ,
glass doors, and a non-positive flue cc::amection.Theunit
had 330square i:nd1esof hearth area andwastradeof plate
steel.

Insert No.5 'lhis unit was a type 14 unit (Table 2.1). It had a double
box const.ructia1, forced cxnvectiveheating, netal doors, and
a non-positive flue connection. 'nle unit had 140square
inches of hearth area andwastradeof plate steel.

Insert No. 5C This unit was Insert No.5 installed with a positive flue
connection, hence it was a type 12 unit (Table 2.1) .

Insert No.6 This unit was a type 13 unit (Table2.1). It had a double
box, forced convectiveheating, glass doors, and a non-I;X)si­
ti ve flue connection. Theuni.t had 450square inches of
hearth area andwasmadeof plate steel ~

II I
Ii
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4. Creosote

4.1. Introducti.an

'!he cost of hate heati.Iq has increased shaxp1yover the last five

years; hence, heatinj residences with wood-fired appliances has gained

popularity rapidly. Todaythel:e am manytypes of fireplaces, woodburning

stoves, and woodbuming furnaces available for hare heatin;J. In additioo,

there are manyaccessories for the basic units: accessories to inprove the

perfcmnanceand to makeunits safer. Fireplace inserts are one type acx:es­

sory for fireplaces. Alonqwith the renewedinterest in burning wood,

there is also gmwing ooncem over the safety and e£ficieocy of woodheating

equipoent. Creosote pmdu:t::i.al and the .resulting chiJmey fires are a najor

safety problem related to the use of woodbuming appliances.

Whenwoodis bm:nedin a stove or fireplace, the carbustion process

occurs in stages. First, the ncisture in the woodis driven off as the wood

is heated. Next, the pyrolYSis begins and volatile natter is released.

Finally, the carlxm or cha.rcoal left by the first 0«> stages is burned.

These stages of c:arbustioooocurncreor less s:i.nW.taneouslyin woodburning

equiIJIel1t. Different pieces of woodare in the various stages of cc::Jth1stioo

at a given instant. It is the burning of the volatile gases that gives rise

to the long f1ane. If not catpletely burned, these C(JIblstible gases are

carried up the chiJmey. Such i.ncatp1ete carbustion maybe a result of in­

suffient carbustion air, inadequate mixing of the fuel and air within the

c:arbustioo zone or too low tanperatums in the carbustioo zone. boDst

residential woodburning equi.IJIel1tis subject to inc:::cnpleteCC11i>ustiooduring

all or part of the bJrning cycle. If the tanperature of the flue gases is

reduced to the "creosote dewpoint," these volatile matters, "creosote," will
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be dep)sited on the inside surfaces of the chimney. The "creosote dewpoint"

is awroximately 300'T. The conditions for condensation of the unbumPd

products to occur depen:Json the local tenperature of the flue gases,

the tenperatuI:e of the chimneywalls, and the ano.mt of a particular species

present in the flue gases. 'lhe oondensate drips Cbwn the ch.i1meywalls and

dries. This is creosote - a sticky, black smstance that is flamnable.

'lhus, creosote is f<mnedin the CCJlbustionprocess as a result of incarplete

CCJlbustionand is deposited in the ch:in'rleyvia a condensation process.

It is d:>servedthat creosote is acidic with a PH value of about

4, an::1it has a heating value slightly less than that of wocd.tar, awroxi.-

maWy 10,000 BTU/lbn. Creosote is corrosive to iron, steel, and even

galvanized steel. Also, creosote has a significant insulating effect which

can reduce the heat transfer fran the stove to the rcx:m whenit foIItlSon

the heat transfer surfaces. nus maywell1awer the energy efficiency of

the a,w1i.anceas well as provide a potentially unsafe c:x::nditian.

The CCI1'p:)Sition of the products of wocd.distillation, sh:lwnin

Table 4.1 gives sate idea of the CCIIplexi.tyof bunrlng wocd.. This table

also sha.is the carposition of the canpourxicreosote which is different

£ran the cat\X>Sition of the material found in a typical chimney. Thus,

the tel:m "creosote," as a,wlied to wocd.burning equiprent refers to all

the a::np::lundsthat are condensed or oollected in the ch:in'rley. M:Jstof the

200 or nore ~ .in "creosote" are p:>lycyclic aranatic hydrocarbons.

Of these 200 or nore canpounds, less than 20 are present in anounts greater

than one percent, [5]. The major canponents of creosote are listed in

Table 4.2.

To reduce or eliminate the fomation of creosote in ~ burning

," 11'1

",''~I II dllllill il"l~ I, ;;·1 il I
!

" I
!
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Table 4.1 Products of Wood Distill ation [11]

1. Hygroscopic Water 3.Liquid tar (continued)

2.

Gas, consisting mainly of f.Oxyphenic acid

g.

Crysylic acid

a.

Acetylene h.Phlorylic acidC7Ha02
b.

Ethylene i.Creosote
CaH1202c.

Benzol

d.
Naphtalene j.Resins

e.

Carbon monoxide

f.
Carbon dioxide Phroligneous acid, consisting of

g.

Methane

h.
Hydrogen a.Acetic acid

b.
Propionic acid

3.
Liquid tar, consisting of c.Acetone

d.
Wood alcohol

a.

Benzol

b.
Naphtalene 4.Wood Charcoal

c.

Paraffin

d.

Retene
e.

Phenol



Table 4.2 Major C'.aIpnmts in creosote

ishing
land, ai.

Peak t'lhol~BoiliwMelti M:llecular
Nuri:ler

Ca;p:>nentCreosotePoint1Poinr:I
structural Fomula

Weight

Awrox.

0
Pet.

C'760
°C.

+0:"1\

---1
Naphthalene 3.021880.55ro 128.2

2

2-Methylnaphthalene 1.2241.0524.58 c"'
o:yoc,

142.2
3

1-Methylnaphthalene .9244.64-22 ro
142.2

4

Biphenyl .8255.971 0-0154.2

5

Dimethylna~thalenes 2.02687.66,105 156.2

6

Acenaphthene 9.027996.2 &,156.2
i

Dibenzofuran 5.028786-87~ 168.2

8

Floorene 10.0293-295116-117 0:0166.2

9

Methylfl00renes 3.031846-47 180.2

10

Phenanthrene 21.0340101 00178.2

11

Anthracene 2.0340216.2-.4~ 178.2

12
ICa..tDazole

2.0355247-248 {Co
. 167.2

13

tMethylphenanthrenes 3.0354-35565-U3 192.2
I 14

Methylanthracenes 4.036081.5-209.5 192.2

15

Flooranthene 10.0382111c&, 202.3I 16
Pyrene 8.5393156 69202.3

17

I
Benzofloorenes 2.0413189-190o::x9

216.3
J

18

Chrysene

I
3.0448255-256 ~228.3

"'Values fran Handbook of Cheuistry an1 Physics. 1971-72, 52nd 00•• Ci1en

cal ROOberPubl' u
~-~, -

II·J
, "." j ! dll~11i I ~I~I Ii, I

i

1 I>
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appliances, one nust first understand the factors that affect creosote

fomation. '!he pararreters that affec,t creosote fOl.lIlationincllXie:

(1). the woodspecies,

(2). the woodgecme1:Iy,

(3). the woodmistw:e content,

(4). the stove's air inlet settiD] (air/fuel ratio at which the .
appliance is operating),

(5). the tenperature of the carbustion process,

(6). the catp1eteness of mixing of the fuel and air in the
CXJrbustionc::haJIt)er,

(7). the tenperatw:e of the flue gases,
••••

(8). the chilmey wall tenperatw:e,

(9). the chilmey wall roughness,

(10). the size of the c.h:i.Imey(~ially abrupt. changes in the
chilmey size),

(11). the height of the c.h:i.Imey,

(12). the anbient tenperature and hunidity,

(13). the rate of woodccnsmptial,

(14). the type of stove.

It smuld be kept in mind that there is a t:J:e!terdJusinterrelationship

bebJeen these factors. Hence, it is very difficult to detennine the effect

of each paramater individually.

4.2• Exper:i.nentalStudies

A nunber of eJq:lerimentshave been aniucted at the AuburnWoodBurning

Laboratory to stu:iy the effect of woodtype and woodmisture content on

creosote fozmation in different types of' stoves. A sunma.zydescripticn of

these tests and results is given belcw.
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4.2.1 First Creosote Study

4. 2.1. 1. Test Facility

A special test chimneyof double wall construction was built. '!his

double wall construction provided a jacket of cxx:>lingwater or steam to

control the chimneywall tanperature during a test and to reheat the chimney

wall whenthe test was ccnpleted. '!he test chimneywas madeof 1/16-inch

thick, type 304 stainless steel. 'Ihree sections of the chiImey were con­

structed. Each section was fol:Illed£ran a six-inch diameter inner pipe and

an eight-inch diarceter outer pipe that were 39 inches long. Figure 4.1

shcMsthe details of one section of the test chimney.

Water/steam manifolds (1/32-inch, type 304 stainless steel) WE'recon­

nected to the botton ani tcp of each cr~ test section. Water was introouced

at the botton of each test section and allowe:i to exit at the top to ensure

that the water jacket remained filled. Whensteam was utilized it entered

the top of each section am exited the bottan to ensure that section caltained

only steam during the heati.r¥j period. Also, it can be seen in Figure 4.1

that a truncated cone was placed inside the chimneyto CX)llectthe creosote­

water solution that coOOensed. This mi.xt.urewas diverted through a 1/32-inch

dianeter ttbe to the outside of the eight-inch diameter pipe. The tube was

camected to a collection beaker.

Flanges were welded on each end of the chimneysections to facilitate

connecting the section together. Figure 4.1 also showsthat three TypeK

thentocouples were placed at various locations to nonitor the chin1neywall

and flue gas teIrperatures. Shielded t.heI:m::x::oupleswere used to zreasure

the flue gas t:enperature.

The entire chimneyassanbly is shJwnin Figure 4.2. Figure 4.3 shows

II , '"
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42"

I--------- --- ---

1. CreosoteDeflector
2. Bottan Connector
3. Wck Flange
4. 'lbp Connector
5. Inlet to CoolingJacket
6. OUtlet for Creosote

Retoval

7. '1benrocouplePrcbe
9. Inner Flue Wall

10. OUterJacket Wall

5) WATER TUBE HOLE
4 TUBES ON THE TOP
4 TUBES ON THE BOTTOM

7) 3 THERMOCOUPLE WIRES GO
THROUGH. 2 ARE ATTACHED
TO WALL BY- SILVER SOLDER.

SECTION CC

Fi<;ure4.1 iJetails of 'rest section
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Section 3

137 3/811

Section 2

Section 1

Stove

Figure 4.2 .\ssembly of Test Facilities

Therm::x::oupleleads

arrl sarrple tubes

II I '" I
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the water/steam circulation and control systan. PhotogrCl{i1sof the test

setup and stove are sl'xJwnin Figures 4.4 ani 4.5. Figure 4.6 shc7tlsthe

necessary pluntli.n:Joonnection of the· test sections. 'Ih.ecreosote oollectioo

tube and the water manifold <XL the middle test sectioo is sl'xJwnin Figure 4.7.

A length of l/4-izx::h cx:g,Jer tube in· which five Type K tn!InDcooples were

inserted and projected fran five differently positiooed holes was p~

between the stove exit and lower test section to neasm;e the flue gas

t.eItperature. A schematic di.agra:nof the five thenlccouples is shownin

Figure 4.8.

All ~'b.1res were recoJ:dedautanatically by a data aa;{Ui.sition

system. The test chi.Imeywas cc:rmectedto a stove ani the entire apparatus

was situated on a digital balance so that the weight of woodoonsmed coo.ld

be lIDIlitored. A hydraulic gas sarpler oollector and ORSATgas analyzer were

used to ool1ect flue gas scmples ani analyze the CO2' 02' and CO ccntent of

the gas. A s~ spectJ:cphot:anter was used to deteJ:minethe concentra­

tions of the creosote-water mixture oollected during the tests. Details

of the test chi.Imeyand instr\mentation are given in references [8, 10,

and 16].

4.2.1.2. Test Procedure

First, woodsanp1es of the desired species, gecnetJ:y ani noisture con­

tent were prepared. Hickory, oak, and yellow pine at two different noisture

oontents and in three different gearetries were used in the first series of

tests. Figure 4.9a sOOwsa stamard ccnfiguration brand used. These brands

were madeof 3/4 inch by 3/4 inch strips attached in a grid pattem on

one irrll centers. A TypeB brand is shownin Figure 4.9b. These brands

were madeof 3/4 inch by 1 3/4 inch strips on 2 1/4 inch. centers. Figure 4.9c

shCMSthe split logs used. Each split log had an average surfaCe area of
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Figure 4.4 Test Installation
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Figure 4. 5 Entire Test Facilities
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Figure 4.6 Water/steam Plurrt>ingat Test Sections
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Figure 4.9 (a) Standard Brands, (b) 'I'yp2 B Brands, (c) Logs
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abalt 280 square inches, the starx3ardbrar& had a surface area of approxi.­

mately 610 square inches and the TypeB brands had a surface area of cg;>mX­

imately 414 square inches. Ovendry brands and logs were ootained by placing

the woodin an oven at 212~ for 72 to 168 hours (!alger tines were needed

for the larger pieces) until 00 measurable weight change was detected. The

ncisture CCJltentsof the other fuels were deteImi.nedby oven-drying a known

weight of sample £ran the fuel and J:eWei.ghingthe sanple after drying.

'!he test procedure is outlined below:

(1) Connectwater/steam pipes to ch:i1mey. Chec:Xwater and steam
control valves.

(2) Readydata a~ition equipl&1t (t:sl'p!rature readout), ORSAT
gas analyzer and gas semple <x>lla::tor.

(3) Fire stove to build up bed of coals. 'Ibis generally required
at least a half-hour of ~ti.ng time to bring the system up
to tarperature.

(4) Set OCIIbustionair inlet to desired position for run.

(5) Openand adjust ch:i1meyoooling water valves to obtain the same
flow rates in each of the three chi.Imeysections.

(6) Record initial stove weight and load fuel charge.

(7) Begin data collecti.al. Teapmlturedata and weight readings
were recorded on five-mi.nute intervals. ORSATdata for the flue
gases were taken every ten minutes.

(8) Whenthe woodwas consumed,the test was ended.

(9) Close water valves. Opensteam valves to reheat dry creosote
left in test section.

(10) Close steam valves after t3Nentyminutes of reheating.

(11) M3asurevolunes of creosotejwater mixture collected fran each
chimneysection.

(12) Stir mixtures and take samples for spectrophotateter analysis.

(13) Pour out the mixture, neasure the amountsof heavy creosote
de{X)Sited on the bottans of the beakers.
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'!his procedure was used to collect data on the creosote prcx1uctionand

efficiency of the stove under various conditions.

Data Collection and Analysis

P-s noted the three types of wocdused in this testing prcgram were

yellcw pine, oak, and hickory. Yellav pine is a softwocd with a relative

density of about 29 p::lunds};er cubic foot (dry basis) , andoak and hickory

are hardwoodswith relative densities of about 41 and 44 pJunds J;Brcubic

foot (dry basis), respectively. The noisture contents of tl'..e fuels used

in the eighteen test nms are sh:wn in Table 4. 3.

The efficiency of ~~ stove is defined as the percentage of energy

released fran the woodthat is lUi3.deavailable to heat the rcorn. The effi­

ciency was determired by the indirect or ORSATrrethod. The rreasurerrents

needed to determine tIle efficiency are the flue gas temperature, the flue.
gas carq;osition, ar.d the rate of fuel consurrption (wcxXi rrass loss). A

shielded tham::xxlUpleand an autc:rnaticdata aa::ruisition system were used to

measure the flue gas t.efiI::erature. Weight readings were taken lUi3.nuallyas

needed. An OFSATgas aPalyzer was used to obtain the levels 0)2' 02' and

COin the flue gases leaving the stoves. By applying rrass and energy balances

using the data ta.'<enas described abcve, the efficiency of the unit was

cc::rrputed. '!he canputational rrethcds are described in References [3 and l5J.

The flue gas terrperatures and cooling surface te."1"p€raturesat various

locations in the chirmey were recorded aut:cIratically. Flue gas terrperatures

at the stove exit •....-ere measured every five minutes and an average t.errp=rature

was calculated.

Finally, the relative concentrations of creosote mixtures were deter­

mined with a spectrophotc::re":.8r. The s};ectrophotcrreter is 2. devi.ce t:'lat

II ,
, I

I I,
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Table 4.3 Moisture Contents of Test Woods

No. Hood Tyoe GeometryMoisture Content (%)

1

Pine Standard Brand 0.0

2

Pine Brand B 0.0

3

Pine Log 0.0

4

Pine Standard Brand. 8.3

5

Pine Brand B 8.3

6

Pine Log 42.0

7

Oak Standard Brand 0.0

.8 •

Oak Brand B 0.0

9

Oak Log 0.0

10

Oak Standard Brand 28.0

11

Oak Brand B 28.0

12

Oak Log 26.0

13

HickoryStandard Brand 0.0

14

HickoryBrand B 0.0

15

HickoryLog 0.0

16

HickoryStandard Brand 27.0

17

HickoryBrand B 27.0

18

HickoryLog 25.0
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passes light through a substance and rreasures the optical density of the

substance. 'Ihe Beer-Larrbert Law[llJ states that the light absorption is

prq::ortional to the concentration of the absorbing substance t.."1roughwhich

the light passes. This can be stated mathe.rnatically as follcws;

A;:: Eel

Where A is the absorption of the light

E is an extinction coefficient or optical absorptivity
for the substance

c is the concentration of the substance

1 is the length of the light path (1 an standard) .

The substance of interest is dissolved in a transparent solvent (Le" water) i

thus, the concentration in the above equation refers to the concentration

of the substance of interest (the creosote) in the solvent.

The creosote samples collected were diluted with water at a ratio of

9 parts water to 1part creosote sample. The absorption or optical densities

of the samples were then determined with 450 run wavelength light. Then

to corrpare the relative arrounts of creosote in each sample, a Creosote

Nurrberwas defined.

Creosote Number = (Relative Optical Density) (Volumeof sartiple)
Massof dry wcodconsUl"t'ed

Thus, the Creosote Numberis a norrralized rreasure of the opacity or optical

density of the solution of creosote sample and solvent. The optical density

is related to the concentration of croosote substances in the solution, and

hence, to the arrount of creosote present. The Creosote Nurrberdoes not give

a quantitative rreasure of the arrount of creosote produced, but it does

II ,
','; 11 dl"llili;l" II I I i"1
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passes light through a s1.bstance and measures the optical density of the

substance. '!he Beer-Lanbert Law[11] states that the light absorption is

proportional to the ooncentration of the absomin] substance throu#l which

the light passes. This can be stated mathematically as follows:

A = Eel

Where A is the absorption of the light

E is an ext:inctia:1 coefficient or q>ti.cal absorptivity
for the substaB::e

c is the cmcentration of the su:>starlce

1 is the length of the light path (1 an standard) •

'!be substance of interest is dissolved in a transparent solvent (i.e., water);

thus, the concentration in the ~ equation refers to the cxmcentration

of the substance of interest (the creosote) in the solvent~

'!he creosote sanp1es ool1ected were diluted with water at a ratio of

9 parts water to 1 part CJ:eOSotesemple. '!he absorption or optical densities

of the sanples were then det.etminedwith 450 nmwavelength light. Then

to cxnpare the relative anounts of creosote in each semple, a Creosote

Nl.Il'berwas defined.

Creosote Nt.Jtber = (Re!ative Optical Dens~) (VOlUReof sanple)Mass of dJ:y COllStmei

'!hus, the Creosote Nurber is a IX>J:I1'Ializedneasure of the q>aeity or optical

density of the solution of creosote sanple and solvent. The optical density

is related to the con:::e:ntrationof creosote substances in the solution, and

hence, to the am:>untof creosote present. The Creosote Nurrberdoes oot give

.a quantitative neasure of the anomt of creosote produced, but it does
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provide a rreans of qualitatively carparing the arrountof creosote produced

for the various conditions.

Table 4.4 ShONSthe results of the sp=ctrophotareter analysis. Note

that the creosote Nurrberincreases with the arrount of creosote fonted.

Results

The test results are presented to ca:rpare the effects of variations

in rroisture content of the wtXXi,type of wood, and geareo;y of the \4lCCXi on

the production of creosote. The test data is sumnarized in Tables 4.5

and 4.6, and a discussion of each individual test run is given in Reference [8J.

The three Parameters t.hat were chosen in the eighteen ~inenta1 tests

are discussed belON. All of the data shcMnwere taken on the sameradiant

stove.

Effect of Moisture Content of Weed

The tests indicate that chy \4lCCXi produces rrore creosote than wet weed

\IDderthe sane test conditions (see Figure 4.10). There are two reasons

for this fhenarena.:

(1) The water-gas reaction. The volatile matters and water vapor

generated in the inner portion of tr.e wtXXiIm.lStpass through the surface

layers as they are transported out. of the 'WOCld. It is possible that water

vapor can react with charcoal whenit passes through the external layers of

wcx::.d to produce carl:X:lnrronoxideand hydrogen gases. These additional can­

bustible gases could result in secondary corrbustion [llJ. This reaction has

little effect on the thermal efficiency, for whenwater reacts with charcoal,

it consumesheat (enClothennic)to produce gases. Hcwever,whenthese gases

react with oxygen, they produce heat (exothermic), water and camon dioxide.

It is f:Ossible that this additional secondary conbustion might aid in the
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Table 4.4 Results of Spect.rc:.p1ot. Analysis
for· First Set of Tests

\\)1••• of Ill.xtw:e lIollOptical DlNity (450 nol
Test

liXldcr-.
Illa.r

Fuell-Me2-..::l1IlC:1.••••2-..::l1IlC:c:a.....s (u.l.-
1

Wet PiMS_Dr_ 15007002250.5790.4250.43216.2 78

2

WetPu. 14008005000.5240.3740.39414.1 87
Brond 8

3

Dry PiM 11605603000.7070.5200.46713.2 95Dr_8
4

Dry Pine 12406553800.4060.5150.44213.0 78
S__

5

Dry PiM 179010006250.1280.0840.0881.7.7 21
lDg

6

Wet Ook 3810187510650.1380.1080.10025.6 33S__
7

Wet Ook 394014408100.0810.1010.10021.3 26
_B

8

Wet HicIfory 460015309000.0830.1470.08420.2 34Bran!8
9

Wet HicIfory 422016309800.0870.1030.11722.3 29S__
10

Dry Ook 3J4012806900.2510.2240.15215.7 78
S_Dr_

11

Dry Hickory 21609305100.5900.3780.45418.3 102S__
12

Dry Cook 20009706250.3120.J680.35612.1 99_8
13

Dry Hlc:Icc<y 21009905900.4530.5150.45012.2 142Dr_8
14

_ Pine 4300223027800.0120.0020.04017.0 10
lDg

15

Wet Hlc:Icc<y 4530219022500.0440.2280.05015.8 51
lDg

16

WetOok 4600247021250.0270.0330.00414.4 14

lDg 17

Dry Hlc:Icc<y 2600250013800.2080.1950.2438.3 164
lDg

18

Dry Ook 3010149012500.2130.4380.34411.7 147
lDg
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Surrnary of Test Data

Average
Coolirq

AverageAveraqe Flue Gas
Test

Water HeatHeatDanporJl.n'DientFuelTl'!lp!rature I"F)

M:listure

HHV Ti1neTet'peratureReleasedOutputSettingT~atureCCllS\miliLeavir13Creosote
NUltler

i\lelContentIB'ru/lblEft icierx:y(Min)(OF)IlmJ/hr1(1l'lU/hr1(l'06ition)(Ofl(lbl0tUmeyNutt>er

Wet pine

8.3%-808955.0%15051524152885016916.2101 78

5 t.ilnda.!d Brand
Wet pi~

'.3%-808955.2\98516)~283854017014.1112 87
Brar£! B

Dry P'-""

0.0'-882143.0\9059J7t2533411175l3.2117 95
Brar£! B

Dry pil".e

0.0'-882138.3\9559724252776115613.0120 73
Standar~ Brar£!

Dry p.i..ne

0.0%-882158.7%18060520443055628317.7123 21
Log

Wet oak

28.0\-635144.9\215614i3742036617125.6105 JJ
Stardard Srand

;.jet oak

.8.0\-635139.7\18061450931790917921. 393 25
Brar£! B

wet hickory 27.0\

-6439~2. 7\205613,,0711624417920.2107 34
Brar£! B

Wet hlCkor; L7 .0\

-6439n.li190624'.3461872517722.3112 29
Standard Brar£!

10

DIy oak0.0'-882143.0\-195.63 426121832917015.7115 78
Star<idrd Brar£!

11

Dry ruckory 0.0'"-882132.1\12064807122589217318.3109 102
~t.aNJard Brand

12

DIy oak0.0.-882142. 4'·~906371156J017317112.1110 99
StardarU arar£!

13

Dty hickory 0.0%-882131.9%8562759642420717612.2112 142
Brand B

14

'iW!t. pine42.0%-511651.1\17566298201522428317 .0119 10
Log

15

Wet~25.0' -661545.8%17566391981796528715.3III 51

Log
16

Wet oak26.0%-652837.6%16067352491331328414.4101 14
Log

17

Dr/ hickoIY O.0\-882134.5%1056741837144142818.39S 164
Log

18

DIy oak0.0\-882140.1\10068619232481828611. 792147
Log

11·"j 'I i I.'



37

Table 4.6 S\m'Il1B%Y of Test Data Ell]

NmCer Fuel!ot>istureAm:>tmtof Pure
Content (%)

Creosote

1

Pine; Starxlard Bram 8.32

2

Pine; Bram B 8.32

3

Pine; Bran::1B 0.03

4

Pine; Standard Brand 0.03

5

Pine; I£lg 0.01*

6

oak; StaOOard Brarn 28.00*

7

Oak; Brand B 28.00*

8

Hickozy; Brand B 27.00*

9

Hickory; Stamard BraIn27.00*

10

~; StaOOard Brand 0.03

11

HickoJ:y; Stamard Brarn0.04

12

Oak; Brand B 0.04

13

Hickozy; Brand B 0.04

14

Pine; I£lg 42.00*

15

Hicko:ty; I£lg 25.01

16

Oak; Log 26.00*

17

Hickory; tog 0.04

18

oak; Log 0.04

*Am::>untof pure creosote is measured an a scale of 0-4. Zero signifies
essentially no pure creosote. 4 signifies maximumcm::nmtof pure creosote.
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effect mayoccur througoout a significant portion of the burning of a charge

of wood.

Effect of Gearetry of Wood

Woodgearetry is a factor that affects the anount of creosote fonred..

Three different woodgearetries were investigated in the test program. The

difference in anount of creosote fonred due to woodgecttetry was difficult

to discern for wet woodsbecause of the abundanceof water in the creosote/

water solution. However,whenburning my wood, the anount of creosote fonred

was significantly different for the three woodgearetries used. Figure 4.11

shaNs that split logs generated nore creosote than the brands under the same

test conditions. TypeB brands generated nore creosote than the standard

brands.

It was observed that an abundanceof unburnedgases arrl volatile

matters were collected in the chimneyduring the first forty minutes of

the test. The reason for this inccnplete carbustion is directly related

to the burning rate. As the burning rate is decreased, the efficiency in­

creases [4]. Thus, as either the surface area of \oOJd becc:Jreslarger, or the

SPacing between the woodpieces that makeup the brands becanes narrower,

the stove's efficiency improves under the conditions of these tests. Both

the TypeB brands and standard brands have a large surface area (the standard

brands have 610 square inches, TypeB brands have 414 square inches), but

the standard brands have smaller SPacingbetween the woodpieces. When

small woodpieces are spaced close together, not erough oxygencan get in

between the closely spaced pieces to bmn the gases as fast as they are

produced. Thus, a significant portion of the gases is burned well above

the solid wood, such that the flame does not heat the woodas muchas if the
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canbustion process occurred between the woodpieces. Wcodpyrolyzes at

a rate which is dependent on the woodtenperature.

In order to ignite the split logs (surface area of 280 square inches) ,

a hot be::1of coals and larger arrountof air were needed in the tests. These

special canditions increased the burning rate and resulted in a high production

of CD and carbustibles during the early pericd of a test. Thus, large

art'Ountsof unburned canbustibles were lost up the flue yielding a lcw effi-

ciency. Creosote def:Osition occurred whenthe chimneywall tenperatures
o

dropf€d belcw al:out 300 F.

Effect of Type of Wood

No~ type tested prevented the generation of creosote. The hard-

wocdsgenerated nore creosote than the soft.w:xx1(see Figure 4.12). Undoubtedly,

different species of -wcodhave slightly different carpositions [llJ. Hardwccds

have a larger relative density (specific gravity) than do the softwoods;

hence, they burned longer. Of the three types of woodthat were tested, the

hickory generated rrore creosote than the oak which generated rrore creosote

than the yellcw pine.

Conclusions

The follcwing conclusions were obtained:

(1) The woodrroisture content was the rrost i..rnp:)rtantfactor affecting
the arrount of creosote produced during these tests; hcwever, in a
rranner opposite to c:onnonbeliefs. Dry woodproduced rrore creo­
sote than did wet woodunder the sarre test conditions.

(2) Wcx:>dgecroetrydid affect the aIlDuntof creosote fonned. In
burning dry brands, smaller spacing between the v.DOdpieces I or
larger wcodsurface area resulted in less creosote being fonned.
Spli t logs produced rrore creosote than did either type of brands.
Gearetry of the woodhad no observable effect on the arrount of
creosote forrred in burning the wet w:x:;d •.

1··1 I

I I I
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(3) '!he ~ type affected the fonnation of creosote. The hardwcx::xis
produced nore creosote than the soft:wcx:Xls.The relevant factors
apr:eared to be the cCITpJsitionand the relative density of the
~. The higher the relative density of the wood, the larger
the arrotmtof creosote prcxiuced.

(4) It was cbserved fran this study that small sized semi-seasoned
(25-35% noisture ccntent) sof~ produced the least arrount of
creosote of any of the fuel tested.

Perhaps the nost irrportant conclusion is that while the w:xxl'ti'Fe, ~

noisture content, and wo:x:1 piece size do affect the arrount of creosote fonTEd,

significant arrounts of creosote were foJ:medwith all the fuels tested. This

indicates that there is no "safe" wocrlthat does not prcxiucecreosote. Further I

it ercphasizes the necessity of routine ch.inmeymaintenance on the p3It of

hare o.mers whoheat with wo:x:1. Maintenance should include frequent visual

inspections to detennine the arrount of creosote build-up and periodic ch.:i.m-

ooy cleanings whenneeded to rerrcve excess creosote.

It should also be recalled that creosote is prcduced in the caroustion

cha:n'berof an appliance because of incarplete canbustion and then collected

in the chimneyby a comensation process. ThusI the data presented al:::ove

relate to the creosote production potential of the stove/fuel/air setting

arrangerrents tested and not necessarily to the anount of creosote that w:Juld

actually be collected in a hare installation.

SecondCreosote Study

A second set of tests were conducted to nore fully substantiate the

results ootainerl fran the first tests arrl to explore a wider range of para-

meters. The test chimneydescribed previously was used in the second test

series. The only differences in the test procedures used were with respect to

the data analysis. The creosote samples were diluted with six parts rrethanol

to one part creosote semple rather than with nine parts water to one part

creosote semple as in the first test series. This change was madebecause trJ.e

1111 1·1'.,1 , ~':II I I' j , iii, ilill ,1,.1j I I 1.1' I I i
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methanol is a better solvent for. creosote than is water. The definition for

Creosote N\llDerprcbably ~ as a xesult of the procedure dlanges. It

is expected that the newprocedure gives better relative catparisons of the

anounts of creosote fot:med.

Test Conditions

Four stoves were used in this test series. The first was a typical

circulator unit with a bimetallic strip controller on the air inlet. 'l11is

type stove has a :r:eputatial of bein] a heavy creosote generator. Tworadiant,

plate steel units -weretested. '1b:!seunits had manually caltJ:olled air in­

lets. Finally a n:m-airtight Franklin stove was inclOOed.

Twotype of wood~ used in the tests, yellow pine and white oak.

Yellowpine is a softwoodwith a relative density of awroxUrately 29 p:>unds

per cubic foot on a dry basis, and white oak is a haJ:dwoodwith a :telati ve

density of about 41 pounds per cubic foot on a dry basis [8]. The IlDisture

levels of the WXldsused in this snny are listed in Table 4.7.

Results

Results of the ~l.rOJ:ilotcmater analYSis are presented in Table 4.8.

The reaul ts of the tests a:srpare the effects of variatialS in the woodspecies

and the m:>isture level for each of the four stoves tested. A 8\mDaZ'Y of the

test data is given in Table 4.9, andFigure 4.13 presents the results graph­

ically.

Effect of the Species of Wood

Neither of the two w:xX1s tested prevented the foxmation of creosote.

The hardwood,white oak, producedno:te cxeosote than the softwood, yellow

pine (Figure 4.13 and Table 4.9). Apparently, the density of the TNOOd affects

the catpleteness of carbustion, and hence, the creosote fOl::mation. The
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Table 4.7 M:>isture L:vels of Test W::ods.

Test Number WoodM:>isture LevelType Stove

1

PineWetRadiant "AlI*

2

OakWetRadiant "A"

3

PineDryRadiant "All

4

OakDryRadiant "All

5

PineWetCirculator**

6

OakWetCirculator

7

PineDryCirculator

8

OakDryCirculator

9

PireWetRadiant "B"*

10

OakWetRadiant "B"
,

.
11

PineDryRadiant "B"

12

OakDryRadiant "BII

13

PineWetFranklin***

14

OakWetFranklin

15

PineDryFranklin

16

OakDryFranklin

*Radiant lIA" arrl Radiant "B" were both air-controlled radiant
stoves of similar. design. Both had manual air inlet controls.

**The circulator stove was a typical circulator wit..~a bi­
metallic strip canbustion air inlet controller.

***Franklin type of stove of non "air-tight" construction

II i



Table 4.8Results of Spectrqilotareter Analysis

Test

Vo1ure of Mixture (rol)Optical Density (450 nm)WoodCreosote
Nurber

FuelI-see2-see3-see'I-see2-sec3-seeConsuredNmber

1

Wet Pine5035980.254.15709.8022.6

2

Wet Oak 3933870.353.26706.5 37.2

3

Dry Pine2735010.170.11709.9010.6

4

Dry Oak 2533760.378.21907.9522.4

5

Wet Pine9037092••398.2894.0210.554.5

6

Wet Oak 570555503.466.363.69010.5577.2
I

~"
7

Dry Pine3515443.405.2681.73511.4526.5

8

Dry Oak 598742519.284.256.43811.4051.5

9

Wet Pine2476270.108.08308.00 9.7

10

Wet Oak6225011.232.1631.6725.9538.3

11

Dry Pine40361035.133.108.4068.4515.8

12

Dry Oak3957190.134.19008.8521.4

13

Wet Pine1553940.098.12008.85 7.1

14

Wet Oak114372329.173.218.2119.0518.8

15

Dry Pine15837317.116.lll.6629.357.6

16

Dry Oak190445398.109.075.1379.4511.5



48

Table 4.9

Surnary of Test Data

Test

Ani:>ientFuelTe:rperature
Test

Ti.rreTenperatureConsumed(DE')Creosote
Nurber

Fuel(min)(Of')(lbs)(T7)
Number

1

Wet pine 95609.824922.6

2

Wet oak 65606.521037.2

3

Dry pine 75689.829510.6

4

Dry oak 90587.9522622.4

5

Wet pine1206210.517854.5

6

Wet oak 1106310.5513177.2

7

Dry pine 756011.024426.5

8

Dry oak 856911.413551.5

9

Wet pine 90638.01949.7

10

Wet oak 80735.9515038.3

11

Dry pine90728.4517915.8

12

Dry oak90708.8518621.4

13

Wet pine80728.851727.1

14

Wet oak 95699.059618.8

15

Dry pine60599.351887.6

16

Dry oak70729.4511811.5

I" 1,1;,1··11; III III 11;1 I I II
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lighter ~ is heated to pyrolization terrperature nore quickly and rrore

evenly; thus, cc:mbustiblegases are emitted rrore rapidly, especially early

in the burning of each piece of wcod.

Effect of lobisture Level

Nonoisture level tested prevented the generation of creosote. The

wet \\ClOdproduced nore creDSOtethan the dry ~. This result is the

q:p:;site of other tests conducted [8, 6]. The tests condu:::tedin [8] and

[6] were perfo:t:tredurrler a low burn rate. The tests in this study were

perfonred under a high burn rate. Reference [6J also concluded that wet

wcodprodu:ed nore creosote than dry wcodunder a high burn rate. The

rroisture level does effect the anount of creosote produced, but the rate at

whim wcodis burned is also a factor. Thus, the rroisture level and the air

inlet setting are interrelated in the fonnation of creosote.

Con:::lusions

Based on th3se tests, the following conclusions are made:

(l) The species of wooddid have an effect on the generation of
creosote. The ~ pl:Oducedrrore creosote than the sof~.
The relative densities afPeaI to be a factor in creosote formation.

(2) 'TI1etroisture level also had an effect on the am:nmtof creosote
produced. Wet~ prexiucedrrore creosote than dry w::xxlat high
burn rates. other studies indicate opposite trends at low burn
rates. This ilrplies that the water in the woodrray ir:crease or
decrease the anount of creosote produced, depending on the firing
rate.

(3) The tYJ.::eof stove nade, by far, the largest effect on the arrount
of creosote produced. This is due to the different arrounts of
air available for canbustion in the different units and to the
different mixing processes within the ca:rbustion charrbers of
each unit. Hence, the burning conditions or rrodeof operation is
the rrost significant factor in creosote fOIm3.tion.

A major point soould be noted; while each of these pararreters did affect

the arrount of creosote fonred, there are rranyother pararreters that should be con-

sidered. Muchrrore research must be carried out 10 evaluate their effect.

111111111.1 1111 'II-I, 1;1 1,.1.1
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Pine Beetle Infested Woodstu:1y

Between1979and 1980 southam pine beetles, the major insect killer

of southem pines, destroyed ~tely 856,000 oords of pine timber.

Forest industries salvaged 64 percent of the infested tinber [4]. '!be 36

pel:Centnot salvaged oould be used as a source of enezgy for hates that have

woodburning appliances. Dueto the inc:reasinq demarXlfor \«XXi for fuel, this

extensive source of fuel woodcan not be overlooked.

Tests nm at the AuburnWoodBurning LaboratoIy, described above, showed

that the type and misture content of the wcodburned do affect creosote fonratioo

to a small degree, but generally not in the marmertraditionally thou;rht.

However,all of the tests c::ornuctedat AWLwere laboratOJ:ytests that were

not intended to repmdu::e exactly oc:nntions of a stave in a hate. '!hus a

stu:ly was undertaken by the Georgia Fores1:J:yCatmission in conjunction with

the AuburnWoodBurning Laborato.t:yPersonnel to <Xnparethe creosote produc-

tion characteristics of pine am other woodsunder corxii.tionsncre represen­

tative of a typical stove installation. In particular, the objectives were:

(1) to detemine if beetle killed pine can be b.1rnedin \«XXi burning
staves witOOutexcessive creosote production

(2) to determine hewthe creosote prodlXtion £ran beetle killed pine
CCltp3.reswith. the creosote production of other wcodspecies at
various IlDisture contents.

Test Set-Up,and Procedure

'Ihe test programconsisted of operating four woodburning stoves for

awroximate1y one IlDnth. Pericxiically, the mass of creosote deI;osits in

the chimneyof each stave was measured. A different type woodwas used to

fire each stove; hence, the relative aIOOuntsof creosote deposit produced

by each type woodcould be deteJ:mined.

The stoves YJereradiant units trade of plate steel in a typical two
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step design. Figure 4.14 SWINS a schanatic diagram of the type stove used.

The four stoves were supplied by the sane manufacturer and were essentially

identical. The stove pipe connections CO'lSistedof an adapter, a 900 e1l::x::M,

and three 24 inch long sections of 6 inch diarreter, 24 gauge stove pipe.

'!he stove pipe was joined to a prefabricated chimneythat included a roof

supp:>rt section, two 30 inch Ion; sections, and a chimneycap. The prefabri­

cated chimneywas a typical insulated type chiInney (two stainless steel

walls with 1 inch of solid packed insulation between). Figure 4.15 shews a

schematic diagram of the stove and chimneyarrangerrent. The four units

were located in a reM approximately 6 feet apart.

The stoves were operated at a very lcw air inlet setting to typify

hem:'! o~ation. A theI:Irareter was installed midway up the first section of

single wall stove pipe. The air inlets on each stove were adjusted as..
required to zrainta.ii1a flue gas teIrperature between 300-350<7.

The stoves were charged with ~ as needed to maintain the desired

flue gas t.e!nperature as described above. Generally, this required chargings

in the rrorni.ngand afterncon. All of the stov'es were fully charged at the

end of each ~rking day and all~ to burn overnight.

Each tirre a stove was charged, the mass of wo::rlinput, the t:iIre, and

the ambient temperature were recorded. Before installation each section of

stove pipe and chirnneywas weighed and recorded. After ten days of opera­

tion, the stove pipe and chimneysections were carefully disassembled and

reweighed. To prevent loss of creosote, the sections were tapped lightly

so that the very loose creosote dep:::>sitswere raroved. The sections were

again reweighed and then reasse.rti>ledan the stoves fran which t.l".eycarre.

After twenty days of operation, the weighing procedure was repeated. This

1l1U111 I·" 11,,11,11 III 11,1 I I,ll I II
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Section 9 -- 6" diameter ch.i.rra1ey cap

Roof Line

6" diameter double wall
insulated roof support

Radiant Stove

Section 3 -- 6" diameter 24" single wall
stove pipe

Section 2 -- 611 diameter 900elbcw

Section 5 -- 611 diameter 24" single
wall stove pipe

Section 4 -- 611 diameter 2411 single wall
stove pipe

Section 7 -- 6" diameter 30" double
wall insulated. chirm1eypip:

Section 6

Section 8 -- 611 diameter 3011 double
wall insulated chimneypip:

D
D
D
\2Jo

Section 1 -- Map

Figure 4.15 Stove-ChimneySet Up
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tiIre the chimneyswere reE'sSeIIbledon different stoves. Finally, after

thirty-three days of operatiat, the chimneyswere disassatbled, and a last

weighing was carried out.

'1\«) stoves were fi.J:edwith mixedhardwoods (oak and hickory), one

burning' seasoned haxawood,the other green haxawood. The other tIitJo stoves

were fired with beetle-killed pine and green pine respS:tively. All of the

woodwas in the fo:cnof split and round pieces. RaDbn sanples were taken

fran each woodg:roupat various times during the tests and the misture

cmtent was neasured.

Results

All woodmisture contents were determined at a wet basis. The beetle­

killed pine, sanples £ran trees that had been dead approximately ten IrOnths

as a result of beetle infestation, had an average noisture content of 24

percent. '!he green pine was the wettest woodtested; it had an average

noisture cootent of 46 percent. r.theseasoned haxawoodhadbeen stored out­

side for approximately 1 am 1/2 years. It had the lowest noisture content,

14 percent. '!be green haxawoodsanples averaged 30 percent misture.

Table 4.10 Sl.1IIDari.zesthe test results. A total of 1545 ll:m of beetle­

killed pine was burned. This pJ:Oduced3.61 llm of creosote with a typical

tar-like appearance. '!be green pine, because of its high misture content,

was difficult to, start, but once a bed of coals was established, an adequate

fire could be naintained. 2096 ll:m of green pine were bumed during the

test, and this produced 1.81 llm of a powderytextured creosote. The

seasoned hardwoodpJ:Oduced3.84 llm of creosote fran 2079 llm of wood, and

2484 ll:m of green haxawoodpJ:Oduced3.22 ll:m of creosote. The creosote

produ::edby both the wet and seasoned hardwoodshad a typical sticky, tar-
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like consistency.

Table 4.11 canpares the creosote accumulation per unit of ~ consumed

on a wet basis and a dry basis. Both rreans of canparison shew that the

beetle-killed pine produced the largest accunu1ation of creosote. The .

beetle-killed pine was followed by the seasoned ~ in creosote production.

The green ~ prcrluced lesser arcomltsof creosote i the green pine produced

the srrallest arcountof any of the test ~.

Figure 4.16 shc:wsthe variation of creosote accumulation versus rroisture

content for the tests run. The drier woodsproduced rrore creosote than did

the wetter woods. A carparison of the sectional accurnu.1ation is shewnin

Table 4.12. As ~ted, the creosote accumulation was muchgreater in the

lc:wer, single wall stove pipe sections than in the upper insulated chimney

sections. The results of this study generally agree with the studies per­

formed at AWL arrl at the University of Wisconsin [6].

Conclusion

All of the ~ tested produced significant arrounts of creosote

accumulation. The woodswith the laver rroisture contents produced the

largest arrounts of creosote accunulation. This agrees with the results

refOrte:l by others, Maxwell, et. al. [8, 10, 16J and Jorstad (6 and 7J.

The beetle-killed YlCX:id produced nore creosote than did the other

w::JOdstested. Hcwev~, all of the wcx::xJsproduced significant arrounts of

creosote. Thus, beetle-killed pine soould rot be rejected as a fuel weed

on the basis of creosote produ::tion.

Based on the relative creosote production, green pine v.ouldbe the

best cmice for fuel weed. Hewever,manyparameters should be considered

whenobtaining fuel wocd. On a dry basis there is little difference in

1,1111 II ;11
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Table 4.10 Sl.mnary of Creosote Test Results

Mass of FuelMass of CreosoteAverageAverage
WOOdType

(WOodarxi l-bisture)Acc\.ml1ated
Flue Gas ~

M:>isture
Consuned (lbn)

(lbn)TemperatureContent %

(Wet Basis)

Beetle-Pine

15453.6131724.74

Green Pine

20961.8131746.14

Seasoned

20793.8431313.54
Hardwood

Green

24843.2231730.43
Hardwood

, .
Table 4.11 creosote Acclm1latia1 Per Mass of ~

Mass of CreosoteMass of FuelMass ofll:rnlbn
Wood Type

Acclm1lat:.ed(lixx1 and M:>isture)Dry~CreosoteCreosote
(lbn)

Consuned (lbn)Ca1sUnedTon FuelTon Dry Wood
(lbn) .Beetle-Pine

3.61154511634.676.21

Seasoned

3.84207917983.694.27
Hardwood

Green

3.72248417282.593.73
Hardwood

Green

1.81209611291.733.21
Pine
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Table 4.12 Sectional Carparisori of Creosote
AcCUll1.ll.ationin stove Pipe and Chimney

Section* Beetle PineGreen PineSeasoned HardwoodGreen Hardwood

1

.1063.0542.0836.0591Adapter

2

.1846.1409.1960.203590~1lx:M

3

.7369.3766.7217.606624 inch sections

4

.7689.3191.7385.6141of single wall

5

.6659.3012.7301.5978stove pipe

6

.1535.0600.1629.1314Double wall 1XX)fSUfP>rt

7

.3230.1268.4648.303430 inch sections of
double wall insulated8

.2972.1358.2944.2600chimney pipe

9

.3762.2911.4441.4401chimney cap

*Section NUlIberscorrespond to Figure 2

Creosote .Acc\m.1lations in lbn

U1
\D
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the ene!."gycontent per poundof different species of~; but because

pine is muchless dense than Il'Osthardwoods, the volurre of pine re;:ruired

to produce a given amJunt of heat will be greater than that of oak or

hickory. This also rreans that a full charge of pine will not burn as long

as a full charge of ha.rdM::od.The two para:rreters that Il'Ostlikely determine

the source of fuel ~ a hare aNIlerselects are cost and availability.

Beetle-killed pine should have an advantage over har&.iccdswith respect to

cost.

All things considered, seasoned ~ are probably the best

choice for fuel~. However,as noted earlier, the demandfor fuel ~

is gro.ving, and thus, the large anount of beetle-killed pine cannot be over­

looked. This study and others sr:owcreosote accumulation is relatively un­

affected by the species and rroisture content of the wcx:xl burned. In fact,

the only real factor is the amJunt of air provided to the carbustion process,

the type of appliance arrl the air inlet settings. Anytype ~ can be

burned wit.lu1t undue cre:>sote accunn..1l.ationif the appliance is operated

with sufficient carbustion air.

Current Creosote Study

Laboratory Tests

Six coni:>inationsof fireplaces and inserts were involved in the creo­

sote tests. Table 4.13 lists the tests and carbinations. The inserts were

set up in the host fireplaces and operated for several days at 1(.M1 air inlet

settings so that flue tarperatures ran at less than 300~. The fuel used

was partially seasoned split oak; rroisture oontent ranged fran a1::out25%

to 45%. Each insert was fired at 8 AM arrl refueled during the day as needed.

I; II I ,II ·111 I ,I I I,I I: II Ii 1"I'~I'il .> I..~ II,j
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Table 4.13 Creosote Test Runs

Run # FireplaceInsertDay BurnedMass of

Wood Consumed1bm
1

MasonryNo. 110508

2

MasonryNo. 210526

3

MasonryNo. 512385

4

MasonryNo. 5C6243

5

F1No.4 15488.6
F2No. 610403
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At 5 PMa charge of fuel was added to the insert and it was then left until

the next rrorning.

Noneof the tests producedsignificant levels of creosote buildup,

certainly not en::>ughto makeany quantitative treaSuretrentsof the relative

creosote buildup betweenthe different tests. This result is not a nfM

experience: other tests intended to carpare the creosote buildup in various

types of chiImeyshave to a large degree yielded similar results. During

stove tests elbowsand horizontal sections of stove pipe have been c~letely

filled with creosote; J:1.a.leverit is difficult to collect large aI1'Omtsof

creosote in the vertical sections of a ch.i.nneyunder laboratory conditions.

Themasonryfireplace was situated carplete1y inside the laboratory. There­

fore, it was exfX)sedto ambienttarperatures of 70Dp or aboveyear round.

Thetests in the other ~ fireplaces were conductedout of doors, but

during the surcrnerrronths. Perhaps the relatively high arrbient terrperatures

retarded the creosote buildup. Flue gas analysis indicate::3.ti'.at at least

sare of the inserts were operating at excess air levels that are very high

with resp:ct to excess air levels for airtight stoves. Either the inserts

were not as IIairtight" as airtight stoves or air leaked around the insert

and into the ch.i.nneyas well as passing through the firebox. HCMever,the

inserts were installed. in the fireplaces as rec.c::mIe"ldedby the manufacturersI

instructions andwere sealed at least as "Nellas a typical hare installation.

Thehigh level of excess air could also have la.veredthe creosote collection

rate. If the extra air was entering through the firebox, then indeed, the

units were surely operating so that little creosote wasbeing produced.

On the other hand if the excess air was leaking ar01.mdthe inserts and mixing

in the chimney,then it could well havediluted the flue gases, arrl hence,

ill I
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prevented the creosote fran OCI'1densinqin the chiImey.

The results of these tests should not be construed to nean that

inserts Cb oot produce creosote. Rather, for the tests ccnducted significant

levels of creosote were oot ~:teed.

4.3.21 Field Tests

Inserts in blo 1x:mesin the Auburnarea were m::mi.toredduring the

1980-81 heating season. The amJUntand type of woodburned and the relative

creosote buildup were observed. A Type 13 (Table 2.2) insert was installed

in each hane.

Hate #1 was a single stm:y razx::hstyle hate of appmx:ima.te1y3000

square feet. The fireplace was located in the family roan near the center

of the house on an inside wall. The insert provided ~te1y one half

of the heat required by .the hate. Onecord of unseasoned haniwood (llDStly

oak) was blJI'IlErlduring tl'e heating ~.

Hate #2 was a blo stm:y muse of ~te1y 2000 square feet. '!he

fireplace was located downstairs on an outside wall at the rear of the house.

'!he insert was used to heat the entire Cbwnstairs. One to one and a quarter

cords of haniwood (IlDStlyoak and hickory) were burned during the heating

season. Awroximate1y 1/2 of the tNOCX1 COOS\JltE.dwas seasoned and the rema.i.n­

der was green.

Both inserts were operated with the air inlets full <:pm during a

large percentage of the time that there was a fire, especially just after

fresh charges of woodwere added. Whenthe inserts and fireplaces were

checked at the erxi of the tests, 00 significant creosote was found. Sane

soot that was already in the chimneysranained but no sticky or hard deposits

were found. A small quantity (2 or 3 cups) of gray ash was found partly
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on the top of the inserts and partly on the floor of the fireplace around

the sides of the inserts. This appearedto be ash that had been carried

out of the insert during periods of high burn rate am then settled back

downon top of the insert. Of course, it is possible that this material

was discharged £ran the insert as soot or creosote, collected on tcp of

the insert and on the inside of the fireplace firechaIrber, and then was

burned at a later tim=dlE to a particularly hot fire in the insert. There

wasno evidence that a chimneyfire had occurred.

one very interesting episode occurredwith the insert in house # 2.

OneeveningapproximatelyQ.'1eto one and one-half hours after a fire was

lit in the insert, a very 10m bangwas emitted. At first it was assurred

that an "explosion" had occurred inside the insert or behind the insert in

the fireplace. However,close inspection showedthat the loud noise

had been prodocedby the outer shell of the insert (1/8 in sheet rretal)

warpingslightly but su:1denlyas the insert washeating up to operating

tanperature. This warping, poppingphenatena did not OCC'Jrevery ti.rre the

unit was fired, but it did occur occasionally. Thearrangementof wood,

the location of the hottest part of the fire, and the rate of heating all

affect the relative thennal expansionof the various carponents of t..~ insert,

thus, the suddenpopping,andsaretimas the insert wouldrrerely expandor

contract wit.h:>utsuddenchan:Jes. It is being suggested that this can account

for all "explosionsll related to inserts; hcwever,it is likely that this

phen::m:maaccounts for manyunusual noises and vibrc ':ions.

Finally, the insert in barre#2 suffered several brokenglasses. This

insert was equippedwith ordinary t..en'peredglass. Usually the breakageoc­

curred just after the dcors were openedand woodwas added. The insert was

I ".II,li
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equitpd with screens in fmnt of the glass panels; hence, no i.mnediate

danger resulted. HcMever, the fire beganto burn much ncre rapidly and

ootter as a result of the larger supplyair stXidenlyavailable.
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5. Theonal Perfonnance

5.1. General

'!he thennal perfolJIlal1ceof several insert-fireplace canbinations was

neasured. The units were instrtJrented with theIItOCOuplesam the temper­

atures at approximately 100 locations were mnitored. The locations where

tanperatures were nonitored iocluied points within the fireplace materials,

the flue gases and p:>ints on a pl~ encaserent constructed around the

fireplace. The pri.maIy interest of these tests was to detennine the max­

imumtenperature rises produced on catbustible materials in or near the

fireplace. '!he general test procedure used is described in prop:>sed

Underwriters Laboratories St:arxJardUL907.

5.2. Test Setup and Test Procedure

~ fireplaces ~re used during the testing. The first was a masonry

fireplace designed by Underwriters Laboratories personnel to be a m:i.nirral

unit. That is this fireplace just meets the average codes for masonry fire­

places. Drawingsof their unit are incl1.Xledin Appen:li.x B and a ccmplete

description is in Reference 14. The manufactured fireplace used, No. F2,

was described in Chapter 3.

'!he thenrocouple locations for the masonry fireplace are shewnin

Figures 5.1 throU;h 5.7 and are defined briefly in Table 5.1. Figures

5.8 through 5.12 showtb.e thenrocouple locations for fireplace F2.

Log fires and brand fires were used in the testing. Brands were

made fran 3/4 inch by 3/4 inch strips of COU;lasfir fastened together

in a criss-cross pattern on 1 inch centers. The brands were then dried in

an oven at 2120Fovernight to ensure uniform dryness. The brands were sized

H Ii lilt 'I
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Table 5.1 Tewperature Rises Above Ambient for Test

in Masonry Fireplace (OF)

Brand fi re
Log fireBrand Fire

No insert
Insert No. 1Insert No.5

(Non-pos itiveflue connection)C
T.C. Location

1

Left side encl. 452 20
2

Left side encl. 466 36
3

Left side encl. 466 34; 4 Left side encl. 4-3 7
5

Left side encl. 541 17
6

Left side encl. 282 26
7

Left side encl. 271 32
8

Left side encl. 870 15
9

Left side encl. 583 17
10

Right side encl. 353 26
11

Right side encl. 40-2 10
12

Right side encl. 341 14
13

Right side encl. 630 12
14

Right side encl. 420 28
15

Right side encl. 347 34
16

Right side encl. 53-3 9
17

Right side encl. 490 23
18

Right side encl. 480 12
19

Back wall encl. 55-3 6
20

Back wall encl. 44-4 7
21

Back wall encl. 36-4 6
22

Back wall encl. 5612 56
23

Back wall encl. 456 27
24

Back wa 11 enc 1 . 481 11
25

Back stack encl. 6811 57
26

Back stack encl. 5614 65
27

Back stack encl. 6818 67
28

Damper face board 7413 45
29

Damper face board 7119 57
30

Damper face board 9819 74
31

Left top encl. 3310 36
32

Left top encl. 246 27
33

Left top encl. 4111 43
34

Left top enc1. 237 28
35

Right top encl. 134 23
36

Right top encl. 206 29
37

Right top encl. 3610 41

I'" 1,111. ·111 11,,1' li"l II hli IIillillllll;,III'III'" 1·,1 1,·1, I' II
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Table 5.1 TemPeratur.e Rises Abovg Ambient for Test
in Masonry Fireplace (F) (Cont.)

Brand fire
Log fireBrand fi re

No insert
Insert No. 1Insert No. 5

(Non-positiveflue connection)
C

T.C. Location

38

Right top encl. 348 40
39

Left chimney encl. 7612 64
40

Left chimney encl. 75- 62
41

Left chimney encl. 6913 60
42

Right chimney encl. 69- 61
43

Right chimney encl. 6912 62
44

Right chimney encl. 6712 67
45

Front chimney encl. 7512 65
46

Front chimney encl. 8013 67
47

Front chimney encl. 8312 69
48

Roof plug 7512 63
49

Roof pl ug 8515 73
50

Roof plug 5111 59
51

Roof plug 7112 67
52

Roof plug 6411 64
53

Roof pl ug 8313 70
54

Roof plug 7312 62
55

Roof plug 7313 65
56

Si dewall 1001023
57

Sidewall 1051025
58

Sidewall 1471328
59

Sidewa 11 1381225
60

Si dewall 1411226
61

Si dewall 1531428
62

Floor 2252765
63

Floor 1832252
64

Floor 2353474
65

Floor 1742966
66

Floor 24644100
67

~1ante1 1906788
68

Mantel 1805270
69

Mantel 1885779
70

Imbedded 2" x 4" ---
71 Imbedded 2" x 411 ---
72 Imbedded 211 x 4" ---
73 211 x 611 8819 75
74

2" x 611 1022094
75

211 x 6" 7713 61
76

Masonry 197307
77

Masonry 16225106



76

Table 5.1 Temperature R1ses Abovg Ambient for Test
in Masonry Fireplace (F) (Cant.)

Brand fireLog fireBrand fire
No insert

Insert No. 1Insert No.5

(Non-positiveflue connection)C

T.C. Location

78

Masonry 19157180
79

Masonry 20150176
80

Masonry 13440121
81

Masonry 1179 31
82

Masonry 1170 15
83

Masonry 10983197
84

r~asonry 224-1 21
85

Masonry 37768190

86
~1asonry 80082141

87
Masonry 10173463

88
Masonry ---

89
Masonry

---
90

Masonry ---
91

Masonry
.- --

92 Damper 583188236
93

Damper 653263284
94

Damper 665228287
95

Damper 565150209
96

Damper 860240490
97

Damper 742223398
Flue Gas (Lower)

741277368
Flue Gas (Upper)

665191171
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Figure 5.8 Thermocouple Locations for Manufactured Fireplace -- Fireplace No. F2
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Figure 5.12 Therm:x:oup1eLocations for Manufactured Fireplace - No. F2
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to be 1/3 the hearth area of the unit. Brand fires were used to simulate

high firing conditions. M%etypical firing cooditions were simulated by

burning split oak cord wcodor logs. The logs were at typical seasoned

con:iitions, 20% to 30% :rroisture. During a brand fire one brand was added

tD the fire every 7~ minutes, hcwever, during a log fire the logs were

added as necessaty to naintain a constant fire. During l:x:>thtype fires all

air inlets to the unit were fully open.

5. 3• Results and Discussion

Table 5.2 surmarizes the tests that we.~ run. The maximumt.el1'peratures

measured (rise above anbient) are presented in Table 5.1 for the masonry

fireplace and in Table 5.3 for fireplace No. F2.

The perforrcance of the masonry fireplace without an insert was rnc:rginal.

'!be temperature rises on the floor in front of the fireplace, the sidewall

(roth exposed to radiation fran the fire), the mantel and ~ 2 x 6 inch con­

tact with the masonryat the rottan of the chimneyall e::j\Bledor exceeded

the maximumrises recarmendedby Underwriters Laboratory. Those rises

are l170F for exfX)sedcarbustibles and 90'T for unexposedsurfaces. In

addition manyof the tenperature rises on the plywoodenclosure were only

slightly belCMthe recc:mrendedmaximums. This does not rrean that all masonry

fireplaces are unsafe. This data is fran one test on a fireplace that

represents tie minirral construction possible for a fireplace that could

conceivably be acceptable by existing building codes. It soould be fOinted

out that the masonretained to construct the fireplace repeatedly expressed

his disapproval of the design.

Both insert tests run in this fireplace produced lower tenperatures

than did the test on the fireplace alone. The brand fire test was muchhotter

I

I· I II I I I I"I II, III II, 1" II IIII i~I' 111.l I.. ii ~'
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Table 5.2 Sunmary of Thermal Tests

~

Run#

FireplaceInsertType Fire

TMI

Masonry-Brand

TM2

MasonryNo. 1Log

TM3

MasonryNo. 5Brand

TF 1

F2-Log

TF 2

,
F2 No. 2. Brand

TF 3

F2No. 2Log

TF 4

F2No.3Log

TF 5

F2No.5Log



Table 5.3 Temperature 'Rises Above Ambient For Test
in Manufactured Fireplace F2 (oF)

log fi re

log fire

Brand firelog firelog fireInsert No. 5

No insert

Insert No. 2Insert No. 2Insert No.3(Non pos iti ve

flue connectio~)C

T.C. Location

21

Left side enclosure

of firebox 1 ft' on2 x 4

1111-15 0

~

22
Left side wall 2'

- Iup middle
43432118 16~ -- 23Left side wall 21

up right

33391719 12

24

Left side wall 11

up right

2538128 10I~25
Left side wall 11

up middle

3333175 14

26

Front face board

Firebox 1eft

26162529 20

27

Front face board
-

IFirebox middle 42803767 38~~
28

Front face board

Firebox right

27643038 27

29

Left side Enclosure

Firebox 3' up end

613 510 7

30

Floor left front 73873318 46

31

Floor middle front 921386027 73

32

Left side enclosure

firebox 3' up 2 x 4

222 -29 0

33
Left adj ustab 1e

sidewa 11 11 up

16311015 7

40
Left adjustable

sidewall 2' up

51135 1476 11
I

-
~
-



Table 5.3
Temperature Rises Above Ambien~ for Test

in Manufactured Fireplace F2 (F) (Cont.)

log fire

log fire

Brand firelog firelog fireInsert No. 5
No insert

Insert No. 2Insert No.2Insert No. 3(Non positive
flue connection)C

LC. Location

41

Left side enclosure

firebox end 2' up

381401463 12
42

Left side enclosure

firebox I' up right

12115-456 ...3
43

Left side enclosure

firebox 2' up right

21114057 -1
44

Backwall enclosure
bottom left

26114159 -1
45

Left side enclosure I00
firebox 2' up 2 x 4

321171061 6U1

46
Left side enclosure

firebox end 11 up

27110764 8
47

Floor 1211 back 53143387842
48

Floor 611 back center681665082 59
49

Floor right 81174517348
50

Back of fireplace
2' up

1720 -22-2
54

Right side enclosure
firebox 2 x 4 11 up

-30-80-4
55

Right side enclosure
firebox 2 x 4 21 up

4635 823 7
56

Right side enclosure
firebox end 21 up

50451139 13
57

Right side enclosure
firebox end 11 up

55411328 8
58

Ceiling right up 2222 26 1



Table 5.3Temperature Rises Above Ambient for Test

in Manufactured -Fireplace F2 (OF) (Cont.)

log fire

log fire

Brand firelog firelog fireInsert No. 5

No insert

Insert No. 2Insert No. 2Insert No. 3(Non positive

flue connection)C

1.C. Location

59

Ceiling front down 3424 55 1

61
Left side enclosure

firebox 21 up

2827 65 3

62
Back of fireplace

-

!
31 up 2534 34 1

63
Right side of chim-

ney encl. middle

1418 45 1I00
64 Back 41 up 2135 77 4O'l

66
Left side top of

firebox back

1725 213 1
~ I

67
Left side top of~ firebox front2550 1737 17

68
Right side of fire-

-

Ibox back 4444 119 7~ 70Left side chimney
enclosure bottom

1724 23 -1
71

Front board chimney
enclosure middle

2622 59 1
72

Right side chimney
enclosure bottom

1629 15 0
73

Back 61 up 1720 12 -1
74

Back 5' up 1518 02 -1
75

Front board of

chimney encl. middle

1420 04 0
76

Ceiling right up 45- 74 2
77

Ceiling front up 3125 45 1
-

I
~ -~~-

0-



Table 5.3 Temperature Rises Above Ambient for Test

in Manufactured Fireplace F2 (OF) (Cont.)

log fire
log fire

Brand firelog firelog fireInsert No. 5

No insert

Insert No. 2Insert No. 2Insert No. 3(Non positive

flue connection)C

1. C. Location

78

Right side of'

firebox end 31 up

724 619 1

79
Right side of fire-

box end 31 up

412 012 0

00

Left s;de of chim-

ney enclosure 31 up

2134 46 2

81
Front of chimney

enclosure 31 up

1420 36 0I
CX)

82 Back Right 11 up 1621 -42-4-..J

83
Mantel left front 661651046963

84
Mantel left back 511621077065

85
Mantel middle front 72206 1168969

86
t1antel middle back 52200 1188869

87
Mantel right front 60203 1027347

88
Right side encl.

firebox 11 up middle

531921117246
89

Mantel right back -20-6-2 -3
90

Left side of chimney

enclosure 21 up

2231 48 -2

91
Back G 1/2 ft. up 1518 24 0

92
Back 71 up 2737 57 2

93
Ceiling back up 2434 57 2

94
Ceiling left down 2131 47 1

95
Ceil ing 1eft up 2633 47 1

96
Ceiling back down 2334 36 1

97
Right side of fire-

box 31 up middle

4759 1311 9



Table 5.3 Temperature Rises Above Ambient for Test
in Manufactured Fireplace F2 (OF) (Cont.)

log fire
log fire

Brand firelog firelog fireInsert No. 5
No insert

Insert No.2Insert No. 2Insert No. 3(Non positive
fl ue connection)C

T.C. location

98

Right side of ,fire-
box WI up middle

2325 05 0
99

Back middle 11 up 48 -6-1 -4

Flue gas lower

515961 485318 549

Flue gas upper

505989 488313 488
I

00

())
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than the log fire test. This resulted in part because the effective hem."i:h

area was redu=edby installing the insert. Thelower tanpel:"atureson the

floor, mantel, and sidewall result because the insert does rot radiate

heat outside the fixeplace as well as the openfireplace. In general, the

tests with inserts sOOwedlaier ~ature rises than tb:lse without. How­

ever, it shouldbe kept in mindthat l.aJ:gerinserts can producehigher tem­

peratures; hence, smaller inserts (smaller fires) inherently operate at

lc:::lWer'tE!11?eratures.

Thetests on fireplace F2 repeated the pattem sOOwnfor the rrasoru:y

fireplace. That is, the inserts with the larger hearth areas pn::ducedhigher

temperatures in general. Thetaq;>eratureson the nantel do not reflect

this trend, prOOablybecause the mantel t:e.nperatureis depeOOenton the

shapeof that portion of the insert tbat extends fran the front of the fire­

place opening. Thebram fire test run on insert No. 2 pn::ducedmuchhigher

tanperatures than did the log fixe test.

It is interestilX] to note that the flue gas temperatureswerehigher

with an insert for fireplace F2 while the flue gas t'.eltperaturesfor the

masom:yfireplace decreasedwith the use of an insert. This indicates that

less dilution air was leaking into fireplace F2 than into the masomyfire­

place. Also, the masonrychimneywas larger in cross section whichproduced

a lower flue gas velocity, am hence, providednore tine for cooling. This

coupledwith the relatively poor insulating qualities of the masonrycould

account for sate heat loss fran the flue gases in the masonrychimney.
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6. Conclusionsand Reccmrendations

Creosote tests and thermal perfonnancetests were run on several

insert-fireplace carbinations. The following carmentsare rrade:

1. Thetests to measurerelative creosote production enphasized
the difficulty of producingcreosote under laboratory conditions.
Pemaps the high arrbient tatp3ratures prevalent duriIl3'the
tests account for these results.

2. Thecreosote tests Coindicate that inserts can be operated with­
out unduecreosote production. Note especially the oro field
tests; neither of the units observedproducedsignificant creosote
de:r;::osits during a full heating season.

3. Creosoteprodoction is determinedprinarily by the node of opera­
tion of the appliance, rather than by the type and neisture content
of the ~ burned.

4. Themi.nimalnasonry fireplace exhibited little thenral protection
for the canbustihle materials 5Urrotmdingit. Perhaps this is
not the best fireplace design to use for a fireplace insert test
facility; however,the fireplace used wasbuilt according to existing
standards and similar units (or worse) could exist in rranyhares..

5. Thenest significant factor to an insert's perfo:rma.nceappears
to be the hearth area whichdeteJ::rninesthe maximumburn rate.
The larger inserts certainly producedhigher teltq,Jeraturerises
in the tests than did the smaller inserts. This indicates that
a large p3rcentageof the heat released is being used to heat
the fireplace as opp::>sedto heatin:J the roa:n. Note that fans
were not in operation during the thennal tests; hence, the inserts
were not operating under conditions to yield optimumefficiency.

It is reccmnendedthat nore tests be performedto stu::1ythe relative

creosote production for the various insert-fireplace catbinat1.ons. Perhaps

operating the units in a colder environrrent(evenif an artificial environ-

nent mustbe provided) and/or running the tests for extende:iPeriods of

t.:iJre,Le., for m:::>nthsrather than weeks, 'WOuldbe fruitful.

Themasonryfireplace used soould be reviewe:i. It is obvious that

the particular fireplace design utilized will greatly affect the perforT!Ence

of the inserts tested. Thetest fireplace does neet code require:rentsi how­

ever, if it is substantially less adeGuatethan the typical fireplace

I 1"",1
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in place in AIrericanhanes, perhaps a llm'e typical fireplace would be

reasonable for an insert test facility. The question ranains as to just

hownest masonryfireplaces a:te actually built. Very clearly manyinserts

are being used safely· in masonryfireplaces.

M)re theJ:maltests for inserts in nanufactured fireplaces are

needed to ensure that a sufficient nuniJerof CXIlbinatials has been scmpled.

The data taken in this test ~L&a did not indicate any serious prcb1ans.

Iblever, only a very fSil OCIl'i:>inatialSwere stulied, and none of the tests

run involved any ncdi.fications to the basic fireplace. It is not unreason­

able to expect a hateowner to mdify a fireplace to makeinstallation of an

insert possible or easier. Zero clearance fireplaces axe dependent <Xlthe

insulation/cooling designed into thm and seemingly uninportant nDdifications

can render the units unsafe. The only safe conclusion is that the use of

fireplace inserts in manufactured fireplaces 11IlStbe evaluated on an indi­

vidual basis, and this evaluati.cmshould involve participation by the

fireplace manufacturer.

Finally, because the ·insert used for the field tests suffered

several glass breakages, it wouldbe good to run a series of tests on units

with glass doors while one glass was not in place. Of course, there may

be a prcb1an of sparks or arbers fallin:J fran the opening as with any open

fire. However,of llm'e interest wouldbe the rate of burn, and hence, rate

of heat output due to the additional catbustion air supply.
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APPENDIX A

Fireplace Insert QUeStionnaire



CONTACT PERSON --------
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FIREPLACE INSERT QUESTIONNAIRE

Please return this sheet, along with any brochures or drawings, to:

Dr. Timothy T. Maxwell

Auburn University

Department of Mechanical Engineering

Auburn, AL 36830

Please check the appropriate description and fill in the requested informa­

tion to all questions that apply. Write in additional information and use
additional sheets as needed.

MANUFACTURER NAME --------------------
ADDRESS -----------------------

PHONE NUMBER --------
MODEL NUMBER ----------------------
I. Construction Details

A. Enclosure

Full firebox enclosure

Single-box construction
Box-;n-a box construction

Partial firebox enclosure (bottom open to ash pit, etc.)

Part of firebox enclosure protrudes past fireplace opening

Number of inches

Other outstanding features (describe)

Are andirons or a grate included

B. Doors

Airtight

Semi airtight

Very loose

C. Flue Connector

Number of openings

Shape of openings (round, square, etc.)

Location of openings (top, rear, etc.)

Is there an airtight connection between firebox and chimney
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D. Air Intake

Thermostatic control; type ------------
Manual control

Number of air inlets

Location of air inlets

Is combustion air routed through ash grate

E. Room Air Circulation System

Natural convection or fan forced convection

Location of fan

How many sides of the firebox are exposed to circulating air

Are baffles or deflectors used to direct air flow

Is extra heat transfer surface provided by tubes, fins, etc.

If so, what size and where are the fins, tubes, etc.

II. Materials

A. Firebox

Plate steel; thickness inch@s--------
Cast iron; thickness inches

Sheet metal; thickness inches--------
Other; thickness inches------

B. Outer Enclosure

Plate steel; thickness inches-- ----
Cast iron; thickness inches-- ------
Sheet metal; thickness inches-- ----
Other; thickness inches-- ----

c. Doors

Steel--
Cast iron--
Glass Inserts--

____ Gasket around door or door facing

Other----
D. Flue Connector

Steel----
Cast iron----
Other----
None

..

1,1·;1
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APPENDIX B

Diagrans of Ma.sany Fireplace
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MASONRY FIRE PLACE- FRONT ELEVATION

A......,

1
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I
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00
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-=-
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.........•.......... ,

::.::::::::: :::::::::
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Top of
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IIII

t~
j-I-I

2S(0,7m)

I

"
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" JI
.JI ""'rr "
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Note: Plywood enclosure not shJwn
*See Reference 14 for dimensions

Metric Conve.rsions, L.wTber

Trode ·Size Metric Equivalent
Inches mm

21. £> 44.4x 140

Figure B.l
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SectionA-A B

• II 'I
Trade Size 2 x 4

• II II
·TradeSize 2 x 4

'314"(19.1 m'" Plywood

Trade Size 2"1 6"

Air Gap I" (2Smm)

Ant'. Iron Support
3"x 3" X '/ ••.11

(76.2 x 78.2 x 6.4mm)

Damper A'Hmbly

Red Clay Brick
2'1.'x 3 !/4" x fI'
(57.2 x95.3 1203 mm)

Mortar Filler
in Cavitie.

-1:::. Floorline

METRIC CONVERSIONS. LUMBER

ease Support
1/4" (6.4mm) Steel

**
II

Clearance I

Trad. Size 'ilx 6"
"M Plywood

II II
Trad. Sin 2 x 4

Mantel-TradeSiz. ~I 10"

3'4" (19.1 mm) Plywoodr

Firebrick- 2~' x 4 ~" 19"
21)2 14~'1 9
(63.511141 229m~

*11'* 1/4"'
Trim

~" (19.1 mm) Plywood
Two layersL

[", •• (69.8)

1
11'- 7" (3.53 m)

••

*For details on dim:msions, see Reference 14.
TRADE SIZE

INCHES

2)(4
2)(8
2XI0

ME1'RIC EQUIVALENT
••••

44.4 XIS.!
44.4 X140
44.4 X241

n': .--.._ .....n '1
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Section B- B
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:.:.:..:..:.:.:.:.:.:.:

it::!'
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~
~

1"1=

1==- I-
Ak Gap ," (25 mm)(TY~

••••i-- i-o- i-- -U1l2:-
,...

F1oshin~

-i-
(O.3ml

i- -- e- I-
l()

I (19.1 mm) Plywood

-0-- - N- - -
=- -I ~

.'- - •••••-
--- - ,- -- -- --- -

-- -
Clearance (TYP) I"- -- ..•.- See for

./ Adjustable Sidewall

--
thermocouple- -

3/4" Plywood --locations

~

-- ~
$pOetr (TY~~

--II

" -
Top of

1/II11' ""III Bose ofII
IV ~\I

Damper_
II"':,.r ,\::, ..'nFlue Tile

\I

17 <-
II·B;~

"." ,Damperi-
'.1,

V.
Plate

Bas. of ':'f
...

Damper-
'.

FaceBrid( II
II

IIIIIi 2 1/4·x 31/4"x B

n

"Ii (57.2 x 95.3x 203m
II

IIilII

Firebrick II•
II -

•....
IIIIII/I
-

2112l1x411x9 •-- IIIIII -
l=-

IIII"II-
(635lt50.8x229mi- IIII1\ -- II"IIII-with fireclay 'oints

-
~ 11ItII -

II
11IIII

II
IIn -II IIIIII

-
-•....I

•

•

*For details on dimensions see Reference 14.
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SECTIOOC-C OF FIGURE B.l

SPACER (TYP)

;TRADE SIZE 2" x 411

CLEARANCE (TYP)
,II (25mm)

See Figure 5.2

for theIIlDCouple
locatiuIll=:

52
(I.3m)

24<O.6m

36
(O.9m)

16(o.4m)L
~

See Figure 5.4
for t.henrccouple
locations

FIREBRICK
4-112"O/4.3mm)

FACEBRICK

3-314"(~.2

48-314
(I. 23m)

3/4" PLYWOOD
(I9.4mm)

See Figure 5.1

for the:rm:x::oupl e
locations

METRIC CONVERSIONS, LUMBER

TRADE SIZE METRIC EQUIVALENT
INCHES mm-------
2x4 44.4 x 95.3

Figure B.4
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